Breeding rice for abiotic stress tolerance is very important objective for rice breeders. Significantly reduce in yield due to drought-stress in most world countries, especially suffering from water lace as well as Egypt. Evaluating combining ability effects would provide valuable information that can be used for developing new drought tolerant lines. This study was conducted at Sakha Agricultural Research Station during 2014 to 2016 rice growing seasons to determine combining ability and gene action for grain yield and other important traits to identify the superior varieties/parents and crosses under both drought and optimum conditions. Six F 1 hybrids were generated by crossing four rice genotypes in a half diallel mating scheme in addition to their six F 2 populations after self-pollination. The four populations (P 1 , P 2 , F 1 and F 2 ) for all the six crosses were evaluated in a replicated field trial under drought and normal conditions. Drought stress significantly decreased the mean values of all the studied traits for parents and their hybrids compared with the control condition. Significant differences were observed among parents and their hybrids for most traits under both research conditions. General combining ability (GCA) and specific combining ability (SCA) means squares were highly significant for grain yield and most traits under test environments. The non-additive gene action played an important role in the inheritance of most studied traits. The parental genotypes NERICA3 and NERICA4 appeared to be the best general combiners for earliness and grain yield. The cross combinations; Giza178×NERICA3; Giza178×NERICA4 and NERICA3×NERICA4 in both F 1 and their F 2 generations were distinguished as specific combiners for grain yield and other related traits under normal and drought conditions. These results emphasized by positive heterosis over high parents followed by high values of inbreeding depression. Hence, these hybrids would be valuable in rice breeding for improving grain yield under drought stress condition.
INTRODUCTION
Rice (Oryza sativa L.) is the main food crop for over one-half of the world's population (Yuan, 2014) . By the year 2030, the world population is expected to reach approximately eight billion (Fageria, 2007) . Hence, it will be necessary to increase rice production by 40% to meet the growing world population. Drought is one of the major constraints that effects on rice production worldwide. It is estimated that 50% of the world rice production are affected more or less by drought (Boumanet al., 2005) . Rice occupies about 22% of the total cultivated area in Egypt during summer season and it consumes about 20% of the total water resources. Due to the limited water resources in Egypt and increasing population, the total water requirements for rice crop caused a big problem. Some of rice cultivated areas, especially which located at the end of the terminal canals suffer from shortage of irrigation water during different growth stages, which are considered to be one of the most serious constraints to rice production in Egypt (Abd Allah et al., 2010) . Development of new rice promising lines tolerant to drought or water deficit is the most straightforward way to overcome this problem.
NERICA's rice varieties are very important resources for biotic and abiotic stress conditions which derived from inter-specific crossing between Oryza sativa and Oryza glaberrima from the African Rice Center in Bouake, Ivory Coast (Somadoet al., 2008) . These varieties have a good gene pool to improve our cultivars. NERICA's Genotypes are new materials and promising to be utilized as a source for water deficit tolerance in Egypt
To design an effective breeding program for developing drought tolerance cultivars, knowledge and understanding the type of gene action controlling the inheritance of different traits is important. Diallel analysis is the choice of providing such detailed genetic information about type of gene action (Lonnquit and Gardner 1961) . This information helps in emphasizing on the breeding strategy, either selection when GCA effects are important; inbreeding followed by cross breeding when SCA effects are predominant; or selection followed by hybridization if both are important; because GCA effects are attributed to the preponderance of genes with additive effects and SCA indicates the predominance of genes with non-additive effects (Sharma, 1994) . Parents of the best potentiality transmit the high yielding ability or improved earliness and level of drought tolerance traits to their progeny of new combinations, are those exhibiting the highest GCA effects. Whereas, the highest SCA effects combinations demonstrate the exploitation of heterosis concept. Proper choice of parents on the basis of their combining ability status for putative drought tolerant attributes as well as yield contributing traits and selection in a typical target environment will help in combining complex traits such as productivity and drought tolerance (Muthuramu et al., 2010) . In view of the above, the main objectives of the present study were to assess genetic parameters and combining ability for agronomic, yield and yield component characters under drought-stress and normal conditions. In addition, to identify the most desirable genotypes for the rice breeding program under these conditions.
MATERIALS AND METHODS

Plant Materials and Designation:
The present study was conducted at the experimental farm of the Agricultural Research Station, Sakha, Kafr El-Sheikh, Egypt. During 2014to 2016 successive rice growing seasons, four rice genotypes namely; Giza 177 and Giza 178 (Egyptian varieties characterized as Early, semi dwarf and high yielding varieties), while NERICA3 and NERICA4 are interspecific varieties derived from two following crosses CG 14 (O. glaberrima) ×WAP 450-1-B-P-28-HB (Oryza sativa L.) and CG 14 ×WAP 450-1-B-P-91-HB.These parents represented a wide range of diversity, were crossed in a half diallel mating design to produce six F 1 's in the 2014 growing season. Part of the six F 1 's seeds were sowing and transplanting during 2015 summer season for self-pollination to getting six F 2 populations. All the genotypes (four parents, six F 1 's and their six F 2 populations) were evaluated in two experiments in the 2016 rice growing season. The first experiment was normally irrigated with continuous flooding (normal condition). The second was irrigated every 12 days without any standing water (drought-stress condition). Each experiment was designed in a Randomized Complete Block Design (RCBD) with three replications. Each genotype of parents and F 1 was planted in three rows per replicate, while the F 2 population planted in 10 rows. The row was five meters long with the spacing 20 × 20 cm between rows and plants within rows. All the recommended agronomic and plant protection practices were uniformly followed throughout the crop growth period for raising ideal crop stand.
Traits Measurements:
Data were recorded on ten individuals guarded plants for parents and F 1 plants, while 100 individuals were observed in F 2 data record per replicate. The studied traits were; days to heading (day), root thickness (mm), plant height (cm), leaf rolling score, number of panicles/plant, spikelet fertility (%) and grain yield/plant (g). Leaf rolling score was recorded by visual estimation based on method by De Dattaet al., (1988) .
Data Analysis:
The analysis of variance for each experiment (normal and stress conditions) was done according to Steel and Torrie (1980) . Combining ability analysis was performed according to Griffing (1956) method 2 model 1. Heterosis over high parent was estimated as a percent increase or decrease in F 1 's over the better parent (Heterosis) as F 1 -BPx100/BP (Liang et al., 1971) , where F 1 is mean of F 1 's, BP is mean of the better parent for each cross. Inbreeding depression was expressed as percent decrease observed in F 2 over F 1 as F 1 -F 2 x100/F 1 , where F 2 is mean of F 2 's.
RESULTS AND DISCUSSION
Analysis of variance:
Analysis of variance showed that the mean squares due to genotypes, parents and crosses were highly significant for all studied traits under normal conditions except for leaf rolling score in case of F1and under drought-stress conditions except for spikelet fertility % in case of F2 (Table  1) . This indicates the presence of sufficient genetic variability among the genotypes, which is considered adequate for further biometrical assessment. Mean squares due to parents vs. crosses were significant and highly significant for the studied traits under both conditions except for leaf rolling score in case of F2. These results revealed good scope for the manifestation of heterosis in all the studied traits (Jayasudha and Sharma, 2009; Rahimi et al., 2010; El-Mowafi et al., 2012 and Sanghera and Hussain 2012) . *, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
N= Normal and S= Stress condition
General (GCA) and specific (SCA) combining ability mean squares were highly significant for all the studied traits under normal conditions while under droughtstress conditions GCA and SCA mean squares were significant and highly significant for all the studied traits except for spikelet fertility % in case of F2. These results would indicate the importance of both additive and nonadditive gene effects in the inheritance of such traits. The ratio of GCA/SCA was less than unity for days to heading, plant height, spikelet fertility % under both environments and grain yield/plant under normal irrigation, while GCA/SCA ratio was more than unity for root thickness, leaf rolling, no. of panicles/plant under both environments and grain yield/plant under drought conditions. These results indicated that the non-additive gene effects played a major role in the genetic expression of these traits, while the inheritance of the expected traits was mainly controlled by additive gene effects. This finding is consistent with those reported for rice hybrids evaluated under similar environments (El-Mowafi et al., 2005; Gaballah 2009 and Hadifa 2012) . However, these findings are in contrary with those of Sanghera and Hussain 2012 and El-Hity et al., 2015 .
Mean performance:
Drought-stress caused great reductions in most of the studied traits compared with normal conditions (Table  2) . Moreover, rice genotypes greatly differed in their responses under both conditions for all the studied traits. Water stress delayed for days to heading for all studied combinations, except Giza 178 x NERICA3 and NERICA3×NERICA4in case of F 1 . The two parents Giza 177 and NERICA 4 and the cross combinations (Giza 177×NERICA4) and (Giza 178×NERICA 3) in both F 1 and F 2 generations exhibited the desirable mean values towards the earliness under both normal and water stress conditions. Delayed flowering under drought is associated with an apparent delay in floral development when stress occurs between panicle initiation and pollen meiosis (from 30 to 10 days before heading) (Lafitte et al., 2004) . With respect to plant height, the two parents Giza177 and NERICA 3 and the two crosses (Giza 177×Giza178) and (Giza177×NERICA 3) scored the desirable mean values towards dwarfing under both environments. There was significant reduction in plant height under water stress condition in the most of rice genotypes studied. Water stress greatly suppresses cell expansion and cell growth due to lower turgor pressure, the reduction in plant height is associated with a decline in cell enlargement under water stress (Kamoshitaet al., 2008) . Concerning leaf rolling score, the two parents NERICA 3 and NERICA 4 as well as the crosses (Giza 177 × NERICA 4); (Giza 178 × NERICA 4) and (NERICA 3 × NERICA 4) gave the lowest score desirable for this trait under normal irrigation and water stress conditions in both F 1 and F 2 generations, indicating that these genotypes could be considered as a good candidate for drought tolerance. For number of panicles/plant, that all F 1 and F 2 generations for most crosses gave the highest values compared with their parents under normal and stress conditions. The parental genotype Giza178 gave the highest mean values of number of panicles/plant under normal condition while the parent NERICA 4 gave the highest value under drought conditions and the crosses (Giza177× Giza178); (Giza178 × NERICA 3) and Giza178× NERICA 4) gave the highest mean values for number of panicles/plant in F 1 and F 2 generations under both normal and water stress conditions. For spikelets fertility %, the parental variety Giza177 recorded the highest mean value under normal condition while the parent NERICA4 recorded the highest value under drought condition and the cross combinations (Giza 177 × NERICA 4); (Giza178 × NERICA 3) and (Giza 178 × NERICA 4) recorded the highest desirable mean values for number of panicles/plant under both environments. Regarding root thickness, the two parents; NERICA4 and NERICA3 gave the thickest root values under both conditions and the crosses (Giza178 × NERICA 3); (Giza 178 × NERICA 4) and (NERICA 3 × NERICA 4) recorded the highest desirable values of root thickness in F 1 and F 2 generations under both normal and stress conditions. The grain yield is the important trait for breeders and producers, the values of grain yield /plant under normal conditions showed by the parents Giza 178 and Giza 177 while, NERICA 3 and NERICA 4 gave the high yield/plant under drought stress. All the studied crosses gave higher values of grain yield /plant under normal condition in both F 1 and F 2 generations while, some of studied crosses exhibited high yielding under drought conditions, i.e. (Giza 177 × NERICA 4); (Giza178 × NERICA 3); (Giza 178 × NERICA 4) and (NERICA 3 × NERICA 4)in both F 1 and F 2 generations. These results indicate the role of NERICA3 and NERICA4 as a donor for yielding ability under drought or water stress conditions with Egyptian verities combinations even in F 1 or F 2 generations. From previous studies by Abd Allah et al., 2010; Abd El-Maksoud et al., 2013 and Elgamal 2013 on drought effects on traits mean values insured that drought effects on rice traits by negative effects but the best genotype which has a narrow variance between normal conditions and drought stress.
General combining ability (GCA) effects:
Identification of parents for improvement of the trait in question necessitates the assessment of GCA effects for the studied traits, which presented in Table 3 . Results indicated that NERICA4 was the best parent for all studied traits of the parents, which present high significant positive values of GCA for all traits under study for both conditions in F 1 and F 2 generations, except for leaf rolling score, days to heading and spikelets fertility, followed by Giza 178 which recorded positive values of GCA for No. of panicles/plant and spikelets fertility under normal and drought conditions in addition to grain yield /plant in both F 1 and F 2 generations under normal conditions. The parent Giza 177 was the best general combiner for early heading and plant height, which identified as good combiners for developing short stature genotypes under both environments in F 1 and F 2 generations, while the parental genotype NERICA3 recorded high significant positive GCA values for root thickness under both conditions in F 1 and F 2 generations and for grain yield /plant under drought conditions. Sharma (2006) ; El-Mowafi et al.,(2012) and El-Hity et al.,(2015) reported similar results during previous studies on GCA. 
Specific combining ability (SCA) effects:
Estimates of SCA in studying combinations; F 1 and F 2 generations of the studied traits under both normal irrigation and drought-stress conditions are shown in Table  4 . The best hybrid combinations reflected that the highest significant values of SCA effects, the cross combinations (Giza178 × NERICA 3) for earliness; (Giza 177 × Giza178) and (Giza177× NERICA 4)for leaf rolling, where recorded the highest negative values of SCA effects under both normal and drought conditions in F 1 and F 2 generations. These results agreed with Elgamal (2007) results on other rice combinations. On the other hand, the high positive values of SCA effects indicate good results of some traits such as grain yield/plant, No. of panicles/plant and spikelets fertility (%) in addition to root thickness. The all cross combinations showed high significant positive values for root thickness and No. of panicles/plant except on hybrid (NERICA 3 × NERICA 4).Four cross combinations (Giza177× NERICA 4); (Giza178× NERICA3); (Giza178× NERICA4) and (NERICA 3 × NERICA 4) showed good results for grain yield/plant under both conditions in F 1 and F 2 generations, respectively. These superior crosses would be practical interest in breeding programs in developing new rice varieties under water stress conditions. Most of the top grain yield performing combinations observed to be constituted from crosses with both or one parent exhibiting significant GCA effects. This is consistent with the notion that parental selection for crop improvement programs can't be based on SCA effects alone, but in association with GCA effects of the parents involved (Abd El-Maksoud et al., 2013; Abd El-Hadi et al., 2014 and Elgamalet al., 2015) .
Heterosis and inbreeding depression:
Estimation of heterosis over better parent values and inbreeding depression are presented in Table 5 . Out of six crosses tested, no crosses recorded negative significant heterosis for days to heading and plant height under both normal and drought conditions except the cross(Giza 178 x NERICA 3) for days to heading in case of drought conditions with high significant negative heterosis values, which are preferred in rice breeding. Two of six crosses (Giza 177 x NERICA 4) and (Giza 178 x NERICA 3) recorded positive significant heterosis for spikelets fertility % under drought conditions due to higher genetic variation between the parents. For root thickness all crosses recorded positive highly significant heterosis values under both normal and drought conditions except the two crosses;(Giza 177 x NERICA3) and (Giza 177 x NERICA 4). For leaf rolling all cross combinations recorded high significant positive values under drought conditions except the two crosses (Giza 177 x Giza 178) and (NERICA 3 x NERICA 4). Regarding to No. of panicles/plant the scored results showed significant and high significant heterosis for the crosses (Giza 178 x NERICA 4) and (Giza 177 x Giza 178) under both normal and drought conditions. Three crosses (Giza 178 x NERICA 3);(Giza 178 x NERICA 4) and (NERICA 3 x NERICA 4) recorded significant positive heterosis for grain yield /plant under normal and drought conditions Mirarab et al.,(2011); El-Refaee and Abdulmajid (2011) and Elgamal (2013) got similar results when they studied the heterosis over the better parents on rice F 1 's under drought conditions. For Inbreeding depression in F 2 's means the results showed high positive values for most studied traits under both conditions following the high heterosis values, which might be due to the dominance gene action in the inheritance of various traits. Among the different traits highest inbreeding depression value was observed in leaf rolling (66%) under normal condition followed by grain yield/plant (38.89%) under normal condition; No. of panicles/plant (29.41%) under drought condition; spikelets fertility% (13.92) under drought condition and root thickness (7.53%) under normal irrigation condition. Reddy (2004); Elgamal (2013) and Venkannaet al., (2014) studied the heterosis in F 1 followed by inbreeding depression in F 2 and reported the similar results in the case of inheritance of study traits, with the importance of non-additive gene action for grain yield and yield components in rice. 
